Short-term experiments were carried out to understand the mechanism of absorption and transport of P b 2+ in young pea seedlings. It was found that considerable fraction of P b 2+ absorbed could be exchanged with Ca2+ in the medium. Furthermore, increasing concentrations of Ca2+, M g2+, or K + in the absorption medium significantly reduced the absorption of P b 2*. Uptake of P b 2+ was largely non-metabolic, as shown by its insensitivity to temperature changes and the presence of a metabolic inhibitor.
In recent times, there is an increasing awareness of the accumulation of pollutants in the environment. Several studies1-5 reveal that the elements like Pb2+ are absorbed by plants in significant amounts and prove toxic to plants and eventually man, through the biological cycle. Some aspects of accre tion of Pb 2+ by excised barley roots and its effects on the growth of a few plant species have been in vestigated by Broyer et al. 6 . Although it is con sidered to be predominantly accumulated in the roots with limited translocation to other parts, a wide degree of variations between plant species is indicated 7.
W e have investigated the absorptive patterns of Pb2+ in young pea seedlings, as also its interaction with some nutrient elements in their absorption, and the results are presented here. An understanding of the mechanisms o f Pb2+ absorption is perhaps cru cial to an appraisal of the magnitude of the environ mental threat posed by elements like Pb2+, directly by their toxicities, and indirectly by blocking the entry of other nutrients from the medium as evi denced here, and perhaps causing deficiency symp toms hitherto not visualized.
M aterials and M ethods
Pea ( Pisum sativum L. cv. Lancet) seeds were soaked in aerated distilled water fo r 3 days in the dark, and grown in half-strength Hoagland's nutrient solution for 8 -10 days, under 12 hour photo- 
Results
The roots of pea seedlings ware allowed to ab sorb Pb2+ from 0.1 m M PbCl2 fo r 1 hour, and one set o f plants was placed in deionised water, and another in a solution containing 0.1 m M PbC l2 and 0.1 m M CaCl2 . Solution samples were drawn periodically fo r radioassay and the solutions were also renewed each time. From the radioactivities of the medium, the amount retained in the roots at different times were calculated and expressed as a percent o f initial absorption. The amount of Pb2+ lost in water is that held in the 'water free space' , and that exchanged with Pb2+ and Ca2+ represents that held in the 'Donnan free space' 8. The results show that considerable amount of Pb2+ absorbed is in the Donnan free space, and could be exchanged in a period of about 30 min (Fig. 1) . When the roots were exposed to 0.1 m M PbCl2 for 4 hours and then transferred to different concen trations of CaCl2, there was considerable loss of Pb2+ absorbed, and the loss was found to increase with the concentrations o f CaCl2 . On the other hand, Pb2+ transported to the shoot remained more or less constant, although a very small increase was re corded with CaCl2 concentrations from 1 to 50 m M (Fig. 2 ) .
The time course of absorption of Pb2+ from 0.05 m M PbCl2 and transport to shoot at 2 different tem peratures (15 and 25 °C ) is revealed in Fig. 3 , and no significant difference is observed in both the ab- sorption and transport, between the temperature treatments. In another experiment, the absorption and transport of Pb2+ from 0.05 m M PbCl2 were measured in the absence and presence o f 10-6 M FCCP (pH 7 ), and the inhibitor had no effect (Fig. 4 ) .
Fig. 3. The rates of absorption and transport of P b2+ from

m M 210PbCl, at 15 °C [ Q -O , □ " □ ] and 25 °C [ # ------# . ■ ------■ ]
, during a period of 6 hours. Pb2+ uptake is found to be reduced by the pres ence of K +, Ca2+, or M g2+ in the absorption medium (Fig. 5 ) . While the inhibition by K + reached a maxi mum at 1 m M KC1, it increased linearly with higher concentrations of M g2+ and Ca2+. Zn2+, and the transport o f Fe2+, Mn2+ and Zn2+ to the shoot are significantly reduced by increasing con centrations of PbCl2 . The time course of absorption of Mn2+ in the absence and presence of 0.05 mM PbCl2 (Fig. 7) reveals that there is a lag phase in the inhibition extending upto the first 30 min. There after, the inhibition does not increase with time. 
Discussion
It is found that Pb2+ is absorbed by pea roots in significant amounts. However, a larger percent ap pears to be retained in the 'apparent free space' (the sum of water and Donnan free spaces), since these are displaced by subsequent treatments (F ig. 1). What is retained in the roots then, represents the ac cumulation into the cytoplasmic and vacuolar com partments. The transport to the shoot is a very small fraction o f what is absorbed by the roots (Fig. 2 ) . There is evidence that even what is held within the cellular compartments could be removed by exposing the roots to increasing concentrations of CaCl2 (Fig. 2 ) . This finding, in addition to those on the insensitivity of Pb2+ absorption to temperature changes and an inhibitor of oxidative phosphoryla tion, FCCP, provide evidence that Pb2+ absorption is non-metabolic, as has been suggested 6. Isermann 9 found that aqueous sprays containing CaED TA re moved large amounts of Pb2+ absorbed by plants, and thus reduced its transport to the shoot. Obvious ly the treatment caused the removal of the nonmetabolically held Pb2+, held in the plant foliage. Our studies show not only that the treatment of the roots with CaCl2 following Pb2+ absorption caused an efflux of Pb2+ from the roots, but also that the presence of cations like Ca2+, M g2+, or a monovalent cation K + in the absorption medium reduced the uptake (Fig. 5 ) . These cations are known to be ab sorbed by carrier-mediated active processes8, and are probably able to prevent the entry of Pb 2+ more effectively. On the other hand, Pb2+ itself is inhibito ry to the uptake and transport of Fe2+, Mn2+, and Zn2+ (Fig. 6 ). Zn2+ absorption is considered to be passive8 while Fe2+ and Mn2+ uptake are meta bolic 10, n . The exact manner by which Pb 2+ inter feres with the absorption and transport of the micronutrients is not clear. There is a lag period of about 30 min in the inhibition of Mn2+ absorption (Fig. 7) , and the absorption remains constant thereafter in the presence of Pb2+. This suggests that Pb2+ causes a physical blocking for the entry of ions, or perhaps by disrupting the carrier mechanism for the micronutrients. Suchodoller and W anner12 studied the absorption of Pb2+ and Mn2+ by intact barley roots, and found that Mn2+ uptake was strongly depressed by Pb2+. This inhibition was explained in terms of a greater affinity of Pb 2+ for the adsorption sites, than * that of Mn2+.
The study shows that pollutants like Pb2+ can induce the deficiencies of micronutrients in plants even though these may be present in an available form in the medium, by interfering with their ab 
